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Abstract Exopolysaccharides (EPS) of fungal origin
have attracted special attention from researchers due to
their multifarious applications in the food and pharma-
ceutical industries. In the present study, optimization of the
process parameters for the production of exopolysaccharide
by Schizophyllum commune AGMJ-1 was studied using
one factor at a time (OFAT) method, Plackett–Burman
design (PBD) and response surface methodology (RSM).
OFAT method revealed xylose and yeast extract to be the
most effective carbon and nitrogen sources and pH 5.3 as
an optimum for maximum EPS production. Xylose, yeast
extract and KCl were screened as statistically significant
variables for EPS production using PBD. RSM based on
the central composite design estimated that maximum EPS
(4.26 g L-1), mycelial biomass (14 g L-1) and specific
yield (0.45 g g-1) were obtained when concentration of
xylose, yeast extract and KCl were set at 2.5 g % (w/v),
0.83 g % (w/v) and 6.53 mg % (w/v), respectively, in the
production medium.
Keywords Exopolysaccharide  Mycelial biomass 
Schizophyllum commune  One factor at a time  Plackett–
Burman design  Response surface methodology
Introduction
The increased demand of natural polymers for various
industrial applications in recent years has led to a renewed
interest in exopolysaccharide production by microorgan-
isms. Many microorganisms have an ability to produce
exopolysaccharide extracellularly either as soluble or
insoluble polymers. Recently many polysaccharides and
polysaccharide protein complexes have been isolated from
marine algae, lichens and plants. Furthermore, most of
them which have various physiological activities originated
from fungi, especially from mushrooms (Ooi and Liu 1999;
Yang et al. 2000; Cohen et al. 2002). Production of exo-
polysaccharide is widely distributed among fungi and most
of the exopolysaccharide produced by them are highly
hygroscopic b-glucan, suggesting that its production could
be related with tolerance to desiccation; similarly to that
observed and described in bacteria (Schinder-Keel et al.
2001; Selbmann et al. 2003). In white rot fungi, the pro-
duction of exopolysaccharide could also be related to decay
process of wood and protective layer (Vesentini et al.
2007). The exopolysaccharide consist of large variety of
complex chemical structures, physiological functions and
wide range of potential applications in various industrial
areas as food engineering, biodegradable plastics, agron-
omy, pharmaceuticals, fuels and others. Therefore, these
polymers are renewable resources that offer real and
potential uses for humankind. The compounds of fungal
origin have attracted special attentions from researchers
due to their various pharmacological and biological
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activities, such as antitumor, antidiabetic, antimicrobial
and immunostimulatory. Among these compounds, bioac-
tive polysaccharides isolated from higher basidiomycota
are the best known and appear to have strongest anticancer
activity among mushroom-derived substances. Cultivation
of mushrooms requires several weeks to complete fruiting
body formation and thus delaying the production of the
required compounds. However, submerged cultivation on
fungi offers an advantage for the production of mycelial
biomass and bioactive polysaccharides (Zhong and
Tang 2004).
Schizophyllum commune is a species of basidiomycetes
belonging to the schizophyllaceae family of order agari-
cales. It has been reported to be a filamentously growing
fungus that produces exopolysaccharide (EPS) and secretes
b-glucan as primary molecular structure. Sizophiran an
antitumor polysaccharide from culture broth of S. commune
reported by Shittu et al. (2005) served as an effective
immunotherapeutic agent for cervical carcinoma. Fagade
and Oyelade (2009) reported various polysaccharide anti-
tumor agents such as hetero b-glucan and their complexes
from the fruiting body, mycelia and culture broth of
mushrooms. EPS production rate and productivity were
found varying with environmental conditions and nutrient
medium.
In the present investigation, the most effective pH,
carbon and nitrogen sources for EPS production and
mycelial biomass were studied using one factor at a time
(OFAT) method. A Plackett–Burmann (PBD) design was
then applied followed by response surface methodology
(RSM) to optimize medium composition for maximal
production of EPS and biomass. Fermentation conditions
were found to have a positive effect on the production of
metabolites and culture morphology.
Materials and methods
Organism and culture conditions for growth
Fungus was isolated in our laboratory from decayed wood
in Anand, Gujarat, India and identified as S. commune
AGMJ-1 (Gene Bank Accession No.-JQ023130). The
organism was cultivated on malt extract (ME) agar plate
containing: malt extract 2 %, agar 2.5 %. The culture was
maintained at 4 C.
Culture process and EPS production
The shake flask cultivation was carried out in 250 ml
Erlenmeyer flask containing 100 ml of sterilized (121 C,
15 lbs for 15 min) EI-Naghy medium (El-Naghy et al.
1976). The media consisted following components
(% w/v): glucose 2.0; NaNO3 0.2; yeast extract 0.05;
KH2PO4 0.1; MgSO4•7H2O 0.05 KCl 0.05 and pH 5.3.
Agar discs were punched out with a sterilized cup borer
from the edge of 7-day-old fungal culture grown on ME
agar plate. The flasks containing fermentation medium
were inoculated with four agar discs of 7 mm diameter and
incubated on a rotatory incubator shaker (140 rpm) at
30 C for 14 days. Growth kinetics of S. commune AGMJ-
1 isolated in our laboratory was studied in shake flasks.
Determination of exopolysaccharide and mycelial
biomass
Samples were harvested at different time interval from the
shake flasks. The fermentation broth was centrifuged at
4 C at 8,000 rpm for 10 min to separate fungal biomass,
and the resulting supernatant filtered then through What-
man filter paper no. 1. The mycelial dry weight was mea-
sured after repeated washing of mycelial pellets with
distilled water and dried at 70 C in hot-air oven to a
constant weight. For the determination of exopolysaccha-
ride, equal volume of isopropanol was mixed with mycelia-
free culture filtrate, stirred vigorously and left overnight at
4 C for precipitation. The resultant precipitates obtained
after 24 h were separated by centrifugation (8,000 rpm for
10 min.).
The precipitates collected (crude EPS fraction) was
washed twice with isopropanol and dried to a constant
weight at 70 C. The yield of mycelial biomass and EPS
were expressed as the gram per liter of the culture medium
(g L-1). The residual sugar content of the culture filtrate
was determined by 3,5-dinitrosalicylic acid method
(DNSA) method using glucose as standard (Miller 1959).
One factor at a time (OFAT) method
In each experiment, one factor was varied by holding other
factors constant. Different carbon sources, nitrogen sources
and pH were initially studied by employing single factor
experiment.
Plackett–Burman design
Plackett–Burman design is a most saturated design
(Plackett and Burman 1946). A saturated design is a one in
which the number of design points are equal to one more
than the number of factor of effects to be estimated and
such design allows unbiased estimation of all main effects
with smallest possible variance. Moreover, the design is
orthogonal in nature implying that the effect of each var-
iable worked and pure in nature and not confound to
interaction among variables (Simpson et al. 2001). In the
present investigation, it was used for the study of key
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factors prior to optimization. A total of six variables were
screened including xylose, yeast extract, MgSO4•7H2O,
KH2PO4, KCl and inoculum size (Table 1). Table 2 shows
the Plackett–Burman experimental design for 12 trials with
two levels of concentrations for each variable and the
corresponding exopolysaccharide and mycelial biomass in
terms of (g L-1) of the culture medium. The variables
X1–X6 represents the experimental variables, whereas
D1–D5 represents the dummy variables. Table 3 shows the
probability value of various process parameters selected for
screening in PBD.
Response surface methodology (RSM)
The objective of this experiment is to develop an experi-
mental model of the process and to obtain more precise
estimate of the optimization. The approach to an optimi-
zation process is referred to as (RSM) and the second
design is central composite design (CCD), one of the most
important design used in the process optimization method
(Montgomery 1997). RSM was used in the present study,
as the conventional method of optimization OFAT is
laborious, time consuming and incomplete. RSM using
CCD as a collection of mathematical and statistical tech-
niques which was applied for the modeling and analysis of
the problems in which a response of interest is influenced
by several variables and the objective is to optimize the
response (Teoh and Mat Don 2010; Zinatizadeh et al.
2007). The behavior of the system was demonstrated by the
following quadratic equation.









where Y is the predicted response, b0 is a constant, bi is the
linear coefficient, bii is squared coefficient, bij is the cross
product coefficient, xi is the dimensionless coded value of
(Xi). The above equation was solved using the software
Design-Expert (Version 7.0.2, State ease Inc., USA). A 25
factorial design with five replicates at the center point with
a total number of 20 trials were employed. EPS production
and mycelial biomass were expressed as a gram per liter of
culture of medium (g L-1) and specific yield as gram EPS
per gram of dry mycelial biomass (g g-1).
Results and discussion
Screening of process parameters using OFAT method
The pH of the culture medium is critical for the production
of EPS. In our experiment, we examined the effect of initial
pH on the production of EPS and mycelial biomass. The
initial pH of the culture medium was adjusted in the range
of pH 3–8. The results depict that maximum mycelial
biomass (8.6 g L-1) was obtained at pH 6.0, whereas at the
same pH production of EPS was found to be less than the
EPS produced at pH 5.3 (Fig. 1a). A gradual increase in
EPS production was observed from pH 3 and reached
maximum of 1.75 g L-1 at pH 5.3. The results obtained
confirm that acidic conditions are necessary for the growth
of higher fungi. Shu and Lung (2003) reported that the
production of EPS and mycelial biomass could not be
correlated well. This may be due to the effect of pH which
has a profound effect on mycelial morphology, mycelial
growth, broth rheology and metabolite production. Lee
et al. (1999) reported that maximum production of mycelial
biomass and EPS in Ganoderma lucidum were achieved at
pH of 3 and 6, respectively. The results obtained by us are
thus in accordance with other reports (Hwang et al. 2007;
Malinowska et al. 2009).
Lee et al. (2004) and Feng et al. (2010) reported that
the type and amount of carbon source have an influence
on the biosynthesis of secondary metabolites. The influence
of the carbon sources for mycelial biomass and EPS
production was studied in media containing different








X1 Xylose 4.0 0.4
X2 Yeast extract 1.0 0.1
X3 MgSO4•7H2O 0.5 0.05
X4 KCl 0.1 0.01
X5 KH2PO4 0.1 0.01
X6 Inoculum size 0.057 0.019
Table 2 Plackett–Burman design matrix of six process variables
(X1–X6) and five dummy variables (D1–D5) along with the observed
responses (EPS and mycelial biomass)
Run
no.





1 1 1 - 1 1 1 - - - 1 - 3.53 20.54
2 - 1 1 - 1 1 1 - - - 1 1.36 3.81
3 1 - 1 1 - 1 1 1 - - - 1.80 11.81
4 - 1 - 1 1 - 1 1 1 - - 0.43 2.40
5 - - 1 - 1 1 - 1 1 1 - 0.88 3.55
6 - - - 1 - 1 1 - 1 1 1 0.18 3.60
7 1 - - - 1 - 1 1 - 1 1 3.25 9.22
8 1 1 - - - 1 - 1 1 - 1 3.64 19.85
9 1 1 1 - - - 1 - 1 1 - 4.48 17.10
10 - 1 1 1 - - - 1 - 1 1 0.60 2.84
11 1 - 1 1 1 - - - 1 - 1 2.11 11.20
12 - - - - - - - - - - - 0.38 2.42
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carbohydrates [monosaccharides, disaccharides and sugar
alcohols at 2 g % (w/v)]. Figure 1b shows the effect of
various carbon sources amongst which xylose significantly
promoted the mycelial growth as well as the EPS
production. It was found that the monosaccharides yielded
higher production of EPS then the disaccharides and sugar
alcohols. Similar results were also obtained by Kim et al.
(2006) using Ganoderma recinaceum DG-6556. Maximum
Table 3 Statistical analysis of
process parameters in relation to
EPS and mycelial biomass
Factors Fermentation
parameters
EPS (g L-1) Mycelial biomass (g L-1)
Effect
E(xi)
SE t(xi) P value Effect
E(xi)
SE t(xi) P value
X1 Xylose 14.98 1.63 9.218 0.00025 71.1 8.58 8.286 0.0094
X2 Yeast extract 5.44 3.347 0.020 24.74 2.883 0.034
X3 MgSO4•7H2O -0.18 -0.1107 0.916 -7.72 0.899 0.4
X4 KCl -5.34 -3.286 0.021 -3.56 0.414 0.69
X5 KH2PO4 0.48 0.295 0.770 -6.90 0.803 0.45
X6 Inoculum 0.14 0.086 0.930 17.98 2.09 0.09
Fig. 1 Effect of a pH, b carbon
source, c nitrogen source on
EPS production and mycelial
biomass. Each sample was
assayed in triplicate for all
treatments. Standard deviation
around the mean is represented
by the bars. ANOVA was
performed and differences were
considered statistically different
at P \ 0.05
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yield of EPS was obtained when xylose was used as a
carbon source followed by glucose and fructose. Further-
more, the results obtained also indicate that the mycelial
growth was related to EPS production in case of xylose as
carbon source when compared with other disaccharides and
sugar alcohols used. Similar observation was also reported
by Guo et al. (2009) who stated that suitable concentration
for mycelial biomass and EPS production from 20 to 50 g
L-1. Choi et al. (2011) reported lactose as choice of carbon
source for EPS production using Mycoleptodonoides
aitchisonii and Lin (2011) reported fructose as suitable
carbon source for EPS production using Grifola frondosa.
Nitrogen is one of the key nutrients for fungus in the
synthesis of enzymes involved in the production of both
primary and secondary metabolites. To investigate the
effect of nitrogen source, both organic and inorganic
nitrogen sources were examined (Fig. 1c). Amongst vari-
ous nitrogen sources used, yeast extract (organic nitrogen
source) was found to be the most significant for influencing
mycelial growth and EPS production, while the presence of
inorganic nitrogen sources were less effective and showed
poor biomass and EPS production. This can be attributed
that nitrate ions have an inhibitory effect on growth, and
sulfate ions are larger radicals which may be difficult to
traverse across the fungal membrane, where it can promote
growth (Griffin 1994). Yeast extract was found be the best
nitrogen source in our study and is often used to provide
necessary growth factors and serves as a complex nitrogen
source; thus, giving a higher EPS production and mycelial
biomass. Yeast extract as a choice of nitrogen source have
been reported by various researchers (Lin 2011; Park et al.
2001; Lee et al. 2004).
Statistical optimization using PBD and RSM
Plackett–Burman results indicated xylose, yeast extract and
KCl had a significant influence on EPS production, and
were further selected for optimization of their concentra-
tion by the subsequent CCD.
The experimental design performed by the RSM method
is based on the mathematical techniques that enable us to
investigate the interactions between variables of the med-
ium components. The CCD was used to determine the
optimal concentration (level) of the medium components.
A total of 20 experiments with three variables (components
of the medium) and five coded levels (five different
Table 4 Central composite design (CCD) matrix of independent variables and the corresponding experimental and predicted values for EPS,






































1 -1 2.50 -1 0.83 -1 6.61 3.54 3.56 10.21 9.68 0.35 0.35
2 0 3.30 0 1.10 -2 6.0 4.01 4.15 15.28 15.1 0.26 0.28
3 0 3.30 ?2 1.55 0 7.50 2.32 2.35 13.27 13.3 0.18 0.19
4 ?1 4.10 ?1 1.37 ?1 8.39 2.90 3.02 15.10 15.4 0.19 0.19
5 ?1 4.10 ?1 1.37 -1 6.61 2.80 2.81 13.30 12.9 0.21 0.22
6 -1 2.50 ?1 1.37 ?1 8.39 2.67 2.76 14.97 14.8 0.18 0.18
7 -1 2.50 -1 0.83 ?1 8.39 2.53 2.52 13.88 14.0 0.19 0.18
8 ?2 4.65 0 1.10 0 7.50 2.43 2.54 12.21 12.6 0.2 0.21
9 0 3.30 0 1.10 ?2 9.0 2.0 2.03 8.73 9.18 0.23 0.24
10 ?1 4.10 -1 0.83 ?1 8.39 2.76 2.55 12.91 12.6 0.21 0.21
11 -1 2.50 ?1 1.37 -1 6.61 4.21 4.12 14.0 14.7 0.3 0.28
12 0 3.30 0 1.10 0 7.50 3.0 2.92 16.43 15.9 0.18 0.17
13 0 3.30 -2 0.65 0 7.50 3.70 3.58 13.64 13.8 0.27 0.27
14 0 3.30 0 1.10 0 7.50 2.60 2.54 14.19 14.2 0.18 0.18
15 0 3.30 0 1.10 0 7.50 3.13 2.82 12.20 12.1 0.26 0.23
16 ?1 4.10 -1 0.83 -1 6.61 3.0 2.82 11.95 12.1 0.25 0.23
17 -2 1.95 0 1.10 0 7.50 2.70 2.82 12.15 12.1 0.22 0.23
18 0 3.30 0 1.10 0 7.50 2.82 2.82 11.81 12.1 0.24 0.23
19 0 3.30 0 1.10 0 7.50 2.68 2.82 12.54 12.1 0.21 0.23
20 0 3.30 0 1.10 0 7.50 2.58 2.82 11.98 12.1 0.22 0.23
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concentrations) were performed. Based on the results
obtained from the PBD, we selected three variables;
namely, xylose, yeast extract and KCl. Amongst them
xylose and yeast extract showed positive influence on both
EPS production and mycelial biomass. Thus, increasing
concentrations of xylose and yeast extract resulted in
higher mycelial growth and EPS production. Although KCl
had negative influence on EPS production hence lower
concentration of KCl resulted in higher EPS production.
The other components of the production medium; namely,
MgSO4•7H2O, KH2PO4 and inoculum size were found to
be insignificant, so their concentrations were set at their
middle level in CCD. Table 4 represents the experimental
design matrix for CCD along with the experimental results
of predicted responses for EPS, mycelial biomass and
specific yield, respectively. The experimental values for the
regression coefficient were obtained by quadratic polyno-
mial equation, where only significant coefficients
(P \ 0.05) were considered. The smaller P values indicate
the higher significance of the corresponding coefficient.
The insignificant coefficients were not omitted from the
equations, since it was a hierarchical model.
The predicted responses Y for the EPS, mycelial biomass
and specific yield were obtained as follows:
Y1 ¼ 2:82 þ 0:15A  0:36B  0:31C þ 0:018AB
 0:16AC þ 0:23BC  0:19A2 þ 0:24B2 þ 0:084C2
ð2Þ
Y2 ¼ 12:10 þ 1:02A þ 0:35B þ 0:10C  0:82AB
 0:86AC  0:63BC  0:43A2 þ 1:13B2 þ 0:67C2
ð3Þ
Y3 ¼  0:23  0:01A  0:032B  0:025C þ 0:018AB
þ 0:006AC þ 0:030BC ð4Þ
where Y1 is the EPS (g L
-1), Y2 is mycelial biomass
(g L-1) and Y3 is the specific yield (g g
-1) and A, B, C are
coded values of the independent variables (xylose, yeast
extract and KCl, respectively). The statistical significance of
the quadratic model for the experimental responses was
evaluated by the analysis of variance (ANOVA). According
to the ANOVA results (Table 5), the model was significant
with an F test of a very low probability value (P [F)\0.0001
for the EPS, mycelial biomass and specific yield, respectively.
The goodness of fit for the model was expressed by the
coefficient of determination R2, and the values were found to
be 0.904, 0.963 and 0.905 for EPS, mycelial biomass and
specific yield, respectively. The values of R2 indicate that the
experimental values were significantly in agreement with the
predicted values and also suggested that the model is suitable
and practicable. The lack of fit F values 0.62 and 0.65 for EPS
and specific yield, respectively, were not significantly relative
to pure error. These large values could occur due to noise.
Whereas in case of mycelial biomass, the lack of fit F value of
5.84 is significant, which indicates that there was only 3.76 %
chance that this value could occur due to noise. The significant
lack of fit is bad because we want the model to fit. The purpose
of statistical analysis is to determine which experimental
factors generate signals, which are large in comparison to
noise. The adequate precision value measures signal to noise
ratio and ratio greater than 4.0 is desirable. In the present
study, the value of this ratio was higher for mycelial biomass
and suggested that the polynomial quadratic model can be
used to navigate the design space and further optimization.
The 3-D surface plots and their respective contour plots
illustrate the response over a region of interesting factor levels,
the relationship between the response and experimental levels
of each variable and the type of interactions between the test
variables in order to deduce the optimal composition of the
culture medium. Each plot depicts the effect of two
Table 5 Analysis of variance (ANOVA) for the experimental results of the CCD
Factor EPS (g L-1) Mycelial biomass (g L-1) Specific yield (g g-1)
Sum of squares F value P value (P [ F) Sum of squares F value P value (P [ F) Sum of squares F value P value (P [ F)
Model 5.5815 17.43 \0.0001 58.5 29.1 \0.0001 0.0341 20.7 \0.0001
A 0.3223 9.057 0.0131 14.2 63.5 \0.0001 0.0009 3.43 0.0870
B 1.7402 48.9 \0.0001 1.68 7.5 0.0209 0.0142 51.9 \0.0001
C 1.2855 36.12 0.0001 0.15 0.66 0.4339 0.0089 32.4 \0.0001
AB 0.0024 0.069 0.7984 5.41 24.2 0.0006 0.0025 9.2 0.0096
AC 0.2048 5.754 0.0374 5.95 26.6 0.0004 0.0002 0.88 0.3644
BC 0.4141 11.63 0.0066 3.20 14.3 0.0036 0.0073 26.7 0.0002
A2 0.5119 14.38 0.0035 2.61 11.7 0.0066
B2 0.8624 24.23 0.0006 18.4 82 \0.0001
C2 0.1011 2.841 0.1228 6.45 28.8 0.0003
A xylose, B yeast extract, C KCl
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independent variables varying within the experimental range
of EPS, mycelial biomass and specific yield, while the other
variable was fixed at its optimal value. In contrast to the
circular shape contour plots, the elliptical nature of the curves
indicates significant mutual interactions between variables.
Response surface and contour plots (Fig. 2a) show the
effect of xylose and yeast extract on the EPS production at
specific hold value of KCl (6.61 mg % w/v). EPS pro-
duction increased with increasing concentration of xylose
and decreasing concentration of yeast extract. Maximum
yield of EPS obtained at higher value of xylose and lower
value of yeast extract. The same trend of results was also
observed in 3-D surface curves (Fig. 2b), which shows the
effect of xylose and yeast extract on EPS production at
specific hold value of yeast extract (0.83 g % w/v). The
production EPS was maximum at higher value of xylose
and lower value of KCl.
It is possible to observe in Fig. 2c, the effect of yeast
extract and KCl on EPS production at specific hold value of
xylose (3.97 g % w/v). The production of EPS increased
with decreasing the concentration of both yeast extract and
KCl and reaches to the maximum at their lower values.
Fig. 2 Response surfaces and
corresponding contour plots for
EPS production by S. commune
AGMJ-1 as function of a xylose
and yeast extract, b xylose and
KCl, c yeast extract and KCl
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There was no significant alteration in production of EPS
observed with increasing yeast extract concentration at
higher value of KCl. However, at lower value of KCl,
increasing concentration of yeast extract results in
decreased production of EPS.
Figure 3a explains the effect of xylose and yeast extract
on mycelial biomass at specific hold value of KCl (6.52
mg % w/v). It indicates that the mycelial biomass was
maximum at higher values of both the variables. At higher
value of yeast extract, increasing concentrations of xylose
results in increased mycelial biomass. Although at higher
value of xylose, the mycelial biomass starts to decrease
with increasing yeast extract concentration up to certain
level and then again increased with further increase in yeast
extract concentration.
Figure 3b depicts the effect of xylose and KCl on
mycelial biomass at specific hold value of yeast extract
(1.37 g % w/v). The maximum yield of mycelial biomass
achieved at lower value of KCl and higher value of xylose.
At lower level of KCl, increasing concentration of xylose
results in increased production of mycelial biomass and
reaches to the maximum. However, at lower value of
xylose, biomass production decreased not much with
increasing KCl concentration up to certain level thereafter,
rise in biomass production observed with further increasing
KCl concentration.
Fig. 3 Response surfaces and
corresponding contour plots for
mycelial biomass production by
S. commune AGMJ-1 as
function of a xylose and yeast
extract, b xylose and KCl,
c yeast extract and KCl
314 3 Biotech (2013) 3:307–318
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The 3-D surface plots (Fig. 3c) elucidate the effect of
yeast extract and KCl on mycelial biomass at specific hold
value of xylose (4.10 g % w/v). The maximum mycelial
biomass was observed at lower value of KCl and higher
value of yeast extract. At lower value of KCl, decreasing
concentration of yeast extract resulted in gradual decrease
in mycelial biomass up to certain level, thereafter, mycelial
biomass increased and reaches near to the maximum. The
same trend of results was observed at lower value of yeast
extract with decreasing concentration of KCl.
The 3-D surface plots and contour plots (Fig. 4a) illustrate
the effect of xylose and yeast extract on specific yield at
specific hold value of KCl (6.53 mg % w/v). The specific
yield was increased with decreasing xylose and yeast extract
concentrations and yielded maximum at lower values of both
the variables. At higher value of xylose, decreasing con-
centration of yeast extract results in increased specific yield.
However, there was no significant change was observed in
specific yield at higher value of yeast extract with decreasing
xylose concentration. Similar trend of results was observed
Fig. 4 Response surfaces and
corresponding contour plots for
specific yield by S. commune
AGMJ-1 as function of a xylose
and yeast extract, b xylose and
KCl, c yeast extract and KCl
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in Fig. 4b, which shows the effect of xylose and KCl on
specific yield at specific hold value of yeast extract
(0.83 g % w/v). The maximum specific yield was obtained
at lower values of both xylose and KCl.
The 3-D surface plot (Fig. 4c) shows the effect of yeast
extract and KCl on specific yield at specific hold value of
xylose (2.5 g % w/v). The specific yield increased by
decreasing the concentration of both yeast extract and KCl
and reached to the maximum at lower values of both the
variables. The specific yield was almost constant at higher
value of yeast extract with increasing concentration of KCl.
However, at higher value of KCl, decreasing concentration
of yeast extract resulted in little increase in specific yield.
The data obtained from the 3-D surface plots and contour
plots and the equations obtained from the multiple regression
analysis, we can determine the optimal concentration of the
medium components. The model predicts that the EPS pro-
duction (4.16 g L-1) is located at the actual values (w/v):
xylose 3.97 g %, yeast extract 0.83 g %, and KCl
6.61 mg %. The predicted mycelial biomass (15.7 g L-1)
corresponding to the actual concentration (w/v): xylose
4.10 g %, yeast extract 1.37 g %, and KCl 6.52 mg %,
while specific yield reaches to its maximum value of
(0.35 g g-1) at the actual concentration (w/v): xylose
2.5 g %, yeast extract 0.83 g % and KCl 6.52 mg %.
To determine the best possible combination for each
response simultaneously, the graphical optimization of the
overall desirability function was performed. The predicted
optimal values for the variables were as follows (w/v):
xylose 2.5 g %, yeast extract 0.83 g %, and KCl 6.53
mg %, whereas, the predicted responses were EPS 3.61
g L-1, mycelial biomass 9.66 g L-1 and specific yield
0.35 g g-1, respectively.
Validation of the experiments
A typical time course between statistically optimized
medium and unoptimized medium was compared for
Time (Days)
0 2 4 6 8 10 12 14 16 18















































































































































 EPS Mycelial biomass Specific yield Residual sugar
Fig. 5 Time course study of S.
commune AGMJ-1
a unoptimized medium,
b optimized medium for EPS,
mycelial biomass, specific yield
and residual sugar
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18 days in shake flask conditions (Fig. 5a, b). The amount
of EPS produced, mycelial biomass, specific yield and
residual sugar were monitored. It was found that under
statistically optimized medium increase in EPS (4.26 g L-1)
with 4.0-fold, mycelial biomass (14 g L-1) with 1.5-fold and
specific yield (0.45 g g-1) with 2.5-fold were obtained as
compared to the unoptimized medium. Furthermore, an
interesting observation was made related to the formation of
insoluble gel when the culture filtrate was subjected to
freezing before polysaccharide precipitation. This peculiar
characteristic could aid in polymer separation and reduce the
utilization of solvent for precipitation and thus increasing the
process viability.
Conclusion
Schizophyllum commune AGMJ-1 is known to be a
potential producer of secondary metabolites. The OFAT
method was carried out to determine the effect of carbon
source, nitrogen source and pH for mycelial biomass and
EPS production. The methodology of Plackett–Burman
was found to be useful for determination of relevant vari-
ables for further optimization. The use of this technique
helped in finding the important medium components that
have significant effect on EPS production by S. commune
AGMJ-1. The experimental data fitted well with the model
predicted values. In conclusion, the methodology of PBD
and RSM using CCD has proved to be very effective for
the optimization of the exopolysaccharide production.
Acknowledgments The authors gratefully acknowledge University
Grants Commission (UGC), New Delhi, India for providing the
research grants to support this work. The authors declare that they
have no conflict of interest.
Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.
References
Choi DB, Lee JH, Kim YS, Na MS, Choi OY, Lee HD, Lee MK,
Cha WS (2011) A study of mycelial growth and exopolysac-
charide production from a submerged culture of Mycoleptodon-
oides aitchisonii in an air-lift bioreactor. Korean J Chem Eng
28(6):1427–1432
Cohen R, Persky L, Hadar Y (2002) Biotechnological applications
and potential of wood-degrading mushroom of the genus
Pleurotus. Appl Microbiol Biot 58:582–594
El-Naghy MA, Ei-Hissy FT, Shoreit AA (1976) Some nutritional and
environmental factors affecting the growth of Stachybotrytis atra
and Aspergillus ochraceous. Egypt J Bot 19:31
Fagade OE, Oyelade AA (2009) A comparative study of the
antibacterial activities of some wood-decay fungi to synthetic
antibiotic discs. Electron J Environ Agric Food Chem 8:184–188
Feng YL, Li WQ, Wu XQ, Cheng JW, Ma SY (2010) Statistical
optimization of media for mycelial growth and exopolysaccha-
ride production by Lentinus edodes and a kinetic model study of
two growth morphologies. J Biochem Eng 49:104–112
Griffin DH (1994) Chemical requirements for growth. In: Griffin DH
(ed) Fungal Physiology. Wiley, New York, pp 131–157
Guo X, Zou X, Sun M (2009) Optimization of chemically defined
medium for mycelia growth and polysaccharide production by
medicinal mushroom Phelinus igniarius. World J Microb Biot
25:2187–2193
Hwang D, Cui F, Li Y, Zhang Z, Zhao J, Han X, Xiao X, Qian J,
Qifei W, Guan G (2007) Nutritional requirements for the
mycelial biomass and exopolymer production by Hericium
erinaceus CZ-2. Food Technol Biotechnol 45(4):389–395
Kim HM, Paik SY, Ra KS, Koo KB, Yun JW, Choi JW (2006)
Enhanced production of exopolysaccharides by fed-batch culture
of Ganoderma resinaceum DG-6556. J Microbiol 44(2):233–242
Lee KM, Lee SY, Lee HY (1999) Bistage control of pH for improving
exopolysaccharide production from mycelia of Ganoderma
lucidum in an air-lift fermenter. J Biosci Bioeng 88:646–650
Lee BC, Bae JT, Pyo HB, Choe TB, Kim SW, Hwang JH, Yum JW
(2004) Submerged culture conditions for the production of
mycelia biomass and EPS production by the edible basidiomy-
cete Grifola frondosa. Enz Microb 35:369–376
Lin ES (2011) Production of exopolysaccharide by submerged
mycelial culture of Grifola frondosa TFRI 1073 and their
antioxidant and antiproliferative activities. World J Microb Biot
27:555–561
Malinowska E, Krzyczkowski W, Lapienis G, Herold F (2009)
Improved simultaneous production of mycelial biomass and
polysaccharides by submerged culture of Hericium erinaceum:
optimization using a central composite rotatable design (CCRD).
J Ind Microbiol Biot 36:1513–1527
Miller GL (1959) Use of dinitrosalicylic acid reagent for determina-
tion of reducing sugars. Anal Chem 31:426–428
Montgomery DC (1997) Response surface methods and other
approaches to process optimization. In: Montogmery DC (ed)
Design and analysis of experiments. Wiley, New York,
pp 427–510
Ooi VEC, Liu F (1999) A review of pharmacological activities of
mushroom polysaccharides. Int J Med Mushrooms 1:195–206
Park JP, Kim SW, Hwang HJ, Yun JW (2001) Optimization of
submerged culture conditions for the mycelial growth and
exobiopolymer production by Cordyceps militaris. Lett Appl
Microbiol 33:76–81
Plackett RL, Burman JP (1946) The design of optimum multifactorial
experiments. Biometrika 33:305–325
Schinder-Keel U, Lejbolle KB, Bahler E, Hass D, Keel C (2001) The
sigma factor AlgU (AlgT) controls exopolysaccharide produc-
tion and tolerance towards desiccation and osmotic stress in the
biocontrol agent Pseudomonas fluroscens CHAO. Appl Environ
Microbiol 67:5683–5693
Selbmann L, Stingele S, Petruccioli M (2003) Exopolysaccharide
production by filamentous fungi: the example of Botryosphaeria
rhodina. Antonie Van Leeuwenhoek 84:135–145
Shittu OB, Alofe FV, Onawunmi GO, Ogundini AO, Tiwalade TA
(2005) Mycelial growth and antibacterial metabolite production
by wild mushrooms. AFR J Biomed Res 8:157–162
Shu CH, Lung MY (2003) Effect of pH on the production and
molecular weight distribution of exopolysaccharide by Antrodia
camphorata in batch cultures. Process Biochem 39:931–937
3 Biotech (2013) 3:307–318 317
123
Simpson TW, Peplinski JD, Koch PN, Allen JK (2001) Metamodels
for computer-based engineering design: survey and recommen-
dations. Eng Comp 17:129–150
Teoh YP, Mat Don M (2010) Cellulase production by Pycnoporus
sanguineus on oil palm residues through pretreatment and
optimization study. J Appl Sci 10:1036–1043
Vesentini D, Dickinson DJ, Murphy RJ (2007) The protective role of
the extracellular mucilaginous material (ECMM) from two
wood-rotting basidiomycetes against copper toxicity. Int Biodet
Biodegrad 60:1–7
Yang BK, Ha JY, Jeong SC, Das S, Yun JW, Lee YS, Choi JW,
Song CH (2000) Production of exopolymers by submerged
mycelial culture of Cordyceps militaris and its hypolipidemic
effect. J Microbiol Biotechnol 10:784–788
Zhong JJ, Tang YJ (2004) Submerged cultivation of medicinal
mushrooms for production of valuable bioactive metabolites.
Adv Biochem Eng Biot 87:25–59
Zinatizadeh AAL, Mohamed AR, Mashitah MD, Abdullah AZ,
Isa MH (2007) Optimization of pre-treated palm oil mill effluent
digestion in an up-flow anaerobic sludge fixed film bioreactor: a
comparative study. Biochem Eng J 35:226–237
318 3 Biotech (2013) 3:307–318
123
